Objectives: Several studies have demonstrated a link between post-traumatic stress disorder and myocardial infarction. We aim to determine what phenotypic features or symptom profile associated with cardiovascular disease may help with early detection and intervention. Methods: This is a cross-sectional study. The study population comprises trauma-exposed Vietnam War veterans. Results: Variables significantly associated with myocardial infarction from the bivariate analysis were avoidance memories, avoidance reminders and sleep disturbance. These variables were put into a logistic regression with known risk factors for myocardial infarction. Only sleep disturbance retained its effect, with a p-value of 0.015. Conclusions: It is concluded that sleep disturbance may be a modifiable risk factor in the treatment and prevention of myocardial infarction.
S
everal studies have demonstrated an association between myocardial infarction (MI) and post-traumatic stress disorder (PTSD). 1 Some studies have established that individuals who have PTSD are vulnerable to developing cardiovascular diseases (CVD) like MI. 2 For unclear reasons, individuals with PTSD are at a higher risk of developing MI and other coronary heart diseases. Similar neuroendocrine and genetic pathways have been postulated as possible explanations for this increased association. 1, 2 Previous researchers have also noted that individuals with PTSD have a preponderance of known risk factors for MI. 1,2 Also, sleep disturbance, somatic and anxiety symptoms could be prodromal symptoms for MI. 3 When clinicians assess individuals at risk of developing MI, what PTSD phenotypic features or symptom profile may help with early detection, screening and intervention? To our knowledge, no study has examined what symptom or symptom clusters of PTSD are associated with a positive history of MI. This study cross-sectionally examined post-Vietnam veterans with or without PTSD to explore symptoms associated with a positive history of MI.
Methods

Participants
The PTSD Initiative Study was a single-centre, cross-sectional cohort study conducted at the Gallipoli Medical Research Foundation at Greenslopes Private Hospital, Brisbane, Australia (Colquhoun D, unpublished data, 2016). Participants were male veterans who had served in the Australian or New Zealand armed services in 734738A PY0010.1177/1039856217734738Australasian PsychiatryAkosile et al.
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Vietnam during the Vietnam War. Exclusion criteria were current or past diagnosis of bipolar disorder, schizophrenia or dementia (Colquhoun D, unpublished data, 2016). Ethics approval was obtained from the Greenslopes Human Research and Ethics Committee and the Queensland University of Technology Ethics Committee.
PTSD assessment
PTSD was objectively assessed using the ClinicianAdministered PTSD Scale for DSM-5 (CAPS-5). The CAPS is a structured interview for assessing PTSD. 4 
Cardiovascular assessment
A comprehensive medical history including a detailed cardiovascular history and examination was undertaken by medical officers. Participants were asked if they had any history of MI. This was coded as a dichotomous variable.
Covariates
Participants completed demographic questionnaires including categorical variables like sex, race, age group, level of income and level of education. Other history like illicit drug use and tobacco history was also reported. Depression and anxiety was assessed using a validated tool -the Depression Anxiety Stress Scale 21 (DASS 21). 5 Alcohol use disorder was assessed using the Alcohol Use Disorders Identification Test (AUDIT). 6 
Statistical strategy and analysis
The research team utilised SPSS version 23. 7 As the aim of the research was to identify symptoms objectively measured on CAPS for PTSD and significantly associated with a history of MI, these symptoms were re-coded to represent dichotomous circumstances. A score of 0 equalled no or mild severity of symptom; 1 equalled a moderate to severe symptom. The outcome variable was scored as 0 representing those who did not report a history of MI and 1 equivalent to those who had reported a history of MI. A bivariate analysis was undertaken using the chi-square test (Pearson P < 0.05). A test of association was carried out using Goodman and Kruskal's gamma test. 8 Finally, the significant variables associated with MI from the bivariate analysis were put into a logistic regression with known risk factors for MI. The Hosmer and Lemeshow test will be used to check if the model fits the data. 9 If the test was significant then the model was rejected, and if not then the model was suitable for the analysis. 9
Results
The sample was largely Caucasian (96%) and male only. Of the 299 subjects 11 of them did not complete the CAPS PTSD assessment. The same number of patients did not complete the MI assessment which was a dichotomous variable. Following assessments by a psychiatrist using the DSM-5 criteria, 161 subjects met criteria for PTSD and 138 did not. Participant's characteristics are presented in Table 1 . Age ranged from 60 to 88 years, with a similar mean value of 69.3 ± 4.13 and 68.5 ± 4.21 for the non-PTSD and PTSD groups, respectively. Hypercholesterolemia, previous history of MI, diagnosed heart failure, DASS 21 (anxiety and stress scores) and AUDIT score (classified into a dichotomous variable using a score of below 8 and above 8) were significantly different between the two groups, with participants with PTSD more likely to report a history of MI compared to those without PTSD (see Table 1 ). Highest education level was significantly different between groups, with participants with PTSD less likely to have been educated at university level.
On assessment of the PTSD symptoms using CAPS (see Table 2 ), avoidance memories (P = 0.026), avoidance reminders (P = 0.026) and sleep disturbance (P = 0.007) were all significantly associated with a history of MI. A test of association using Goodman and Kruskal's gamma test revealed that avoidance reminders (G = 0.534, P = 0.025) and sleep disturbance (G = −0.494, P < 0.017) were significantly associated and correlated with a history of MI (see Table 3 ). Avoidance memories (G = 0.428, P < 0.062) was not significant.
Variables significantly associated with MI from the bivariate analysis were avoidance memories, avoidance reminders and sleep disturbance. These variables were put into a logistic regression with known risk factors for MI (see Table 3 ). The Hosmer and Lemeshow goodnessof-fit test for the model was not statistically significant (X = 11.039, P = 0.199). This indicates that the model fits the data. The significant variables remaining in the model were sleep disturbance, smoking, raised blood pressure and alcohol (see Table 4 ).
Discussion
Basal activation of the sympathetic nervous system (SNS) is present in sufferers of PTSD. 10 Baroreceptors help attenuate sympathetic drive in the brain and they play a crucial role in the day-to-day control of blood pressure. 10 Elevated nocturnal SNS activation with sleep disturbance is thought to be a contributing factor to baroreceptor dysfunction in PTSD. 11 One of the mechanisms that may explain increased sympathetic drive in PTSD is baroreceptor dysfunction. 10 This increased sympathetic drive has been associated with higher resting heart rate and blood pressure, decreased heart rate variability, and increased plasma and urinary catecholamine levels. 10 These factors are associated with the increased risk of MI.
In our analysis, sleep disturbance remained significantly associated with a history of MI, even after controlling for known risk factors. Sleep disturbance is a prominent feature of PTSD. 12 It has also been implicated in heightened vulnerability to maladaptive stress responses. 12 Previous studies have demonstrated the link between quality of sleep and CVD. 12 A previous meta-analysis by Cappuccio et al. demonstrated that prolonged or short sleep duration was associated with an increased risk of dying or developing MI. 13 A recent systematic review by McCarthy and Ready assessed the role of prodromal sleep disturbance in relation to future MI. 3 Their conclusion was that prodromal symptoms like headache, sleep disturbance and anxiety may predict future cardiac-related events like MI. 3 The mechanisms mediating this increased risk are unclear and are likely multifactorial. 13 Poor sleep is associated with poor glycaemic control, 14 low-grade inflammation, 15 increased oxidative stress 16 creating a milieu that aggravates the symptoms of PTSD and increases the risk for MI. 17 At the level of primary care, general practitioners who screen PTSD clients with CVD are poor at detecting and evaluating sleep disturbance. 12 Sleep disturbance is perhaps an underestimated link between PTSD and MI in these individuals. In PTSD patients, sleep disturbance may be a non-traditional risk factor that is modifiable in the treatment of MI and may be one of the mediating factors for increased rates of MI in individuals with PTSD.
Limitations
Our study has several limitations. It had a small sample size and may not have been powered adequately to detect further difference between the studied groups. Association may not necessarily mean causation. The cross-sectional nature of the data did not allow for the establishment of causation. Also, we could not consider and control the effects of psychotropic medications which may ameliorate or worsen PTSD symptoms and coronary artery disease.
Clinical implication and future direction
This study is the first of its kind. Future studies may be prospective in nature to establish causation, pattern of risk and mediating factors. At the level of primary 
